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mm n t 4 vtmmimxh&mmtm 
-rax»y«w©«tt*fi*i#s-s-4tt5£*i!ii. ±ta 
BMcfcOSWcSftfcfw 5? * ^BfcfcflteWSBJRSK: io 

[it ^oi 2 ] =f a v*frweL*W8ttz>&wmsiifm 
am 

[11*3(3} m*fl^*HS£flNlli*toEtt* 
IH»tiK»HH*a £ . ±iBettrai¥»K: «fc "5 SHU 
8 tiftJE*K«-5l>-C JJB»B»R©liS|{it*ltiE"r * 
*E*8&*Rtffce £*i&«tJ-ait*9l 1 XttM$ 
J£2ga*8©Bfl$HIgB. 

[ n«3i 4 ] fflBM*«Htr *■*© 5 % . as k 30 

«£. ±BEffiBS£HfeHn*©9*. JMtKJU&J 

«/h©jiasR©aiJRffl%«m«-sft/Mi3Ri8^ai*s 
8 htcMmmommm t±simmmm<ommmt 

*fcJJBS*««*Jli*U *©JKIi*©B*iB«:Si* 
**e**inJM-*»ff#«4. ±ia?m^8©flniiife 
^ jbe**dB*ftfcHi*RK: j: o mm s njusoBRo 

HJMKciSfcfc *©in*tl**Hfc&U * 40 

©JIB3S©Ssil<iI£iS;L -e©ii^ffi?:ffi^ 

£ * zmm 3 t atK©B®&sga. 

[ mm 5 ] y * *m**a-r&&jmRcMi 

iief'-f y2^B»£lii£-rsilB$©55i?y 
«WKMTS«H**t«UOT. *©IKBHfcMIITS** 
i = [u + 0. 5] . 
j = [ v+0. 5] . 

Pu .v = P 1 . 1 



&H2 00 0-2 53 23 8 
2 

: 2 »^^©^4^[SJ ; fe^-r*££4>«:. -e-oraiwiaj 
%jp-r<«^tt« i &JliB«£fflrailSR«:-7vf>yb > ft 

m. 

», i^wgko^^ac«M*ft«t«5&r s £ £*>«:. 

^©^^[6]R^*4ftS i &^-r«i4tt« i S:)lli^£ffi 
HBSfHCv«,£>yu ffi^£©r-^# 

•rsii^««:Sigia^©<SMff#«c*tic>-rs7 -f 

iET S C £ ««lt £ -T 5 X»M^9 6 IffiK©® 

#»^«1»©IBMI £ £8tH? £ £ £ 6 ft. 

«B£-rsia^£±iatireiii^©^ : S:S*^K:^!^ 
«/jN©ilil^©il^ffl£±lB^iim©ii#«i 
£©M^fiiK:±fafi^^!?:m»L-r > ^©Hia^©il 

B3R©B3RfiiK:«teacl,>*»^«:tt, *©Sn#fe*=6BiJR 

fii©ifi^m£L/ t z<Dmm%<Dwmmmz.zm£t l c 

«. -e©il^<B?:Hlgfii©liiEiSm£T* C £*!(tm<i: 

* *> mm 7 iats©ii^aia^ffi. 

[0 00 1 ] 

©e*KS6*iy-cm*r4WftAffi**a <m«. ^ 

[0 00 2] 

> v V WimW&m P.441-P. 442 CC 
*>BS*VCI,»SJ:5«: (Ml 6*#M) . rt#W4ifi© 
m&$: (u. v) . ^©B^ffi^Pu.. . MB®© j 7 

-r>iWRi©««jatPi., £-r^>£. na©s: 
(i > -c«-rc£*5-ci?^. 
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[0003] ip*>. &%®?mmt, rt*£(c*fcjsi> 
wma/oumtn twmmmm ft^&r* o . n 

«c*». a ( i ) © [ ] ^fa^-c*^ . [ ] a 

[0004] I^Sp. 442~p. 443KB. 

i = [u] . j = [v] 

P... = { (i + 1) -u] { (j + 1) -v] P..1 
+ { (i + 1) -u] {v- j } P,.,., 
+ {u- i] { (j + 1) -v] P,.,., 
+ {u- i ) (v- j } P,„, M 



[0 00 5] 



a (2) 



t4#t?irft. fflSiii^*fflt?--5©Miifli©iB 
«tt«>6WI$(cW0BHR(DnR«^»e t> ©T* ft. 
[0006] 

£U:©«fc5K*JjRS*iTt»ft©'C. Sjffl»rt»8c*«ffl 

«ftT5«»»»*^n»*ttK:B4orL*5iHI*« 20 
4>ofc„ ^k. x » s?©^iSi3W$if»«:ifijc>rc»s*8^{c 
B. y+^-iPftfti4»»K©f f^*-**aBtiSfc 
ft. • »«#«©*£> »«,»5WkJB*Jt*.SCtK 
£ft. 

[0007]-*. SU&tlB!&£ttB-*'&Jf£ 

*fct*ai!iwi©*ifflfa*««os-c/&ti*fcft. 
ra* m tit-<?>t t¥- £«wrr 5 c 4 #-c » 

ft#. *©gaBfcLT+#&fc©TB&t>. BP%, ji 
?i;©7**x* + >©»&. £j£S:£A©$*ia«9I© 

ttSM«^2 9^>*n^riHscmtctim 30 
«Kff 5 fcft , H&ft^©*™ BfcaesrMxunt 

^pfittSiKfro-CLSS. 4tft#. HI 8KjjVr«t: 

e>r. ffi^ffiasntf-rijagfcteor. S4ft#ift©ffl 
*fc. 8»iiiaift©«^. jfiiiHR»*ft«H 

tfa«»©»R|l©«|iMfaKJ:»)^il6ti4fcft. 1? 

[ 0 0 0 8 ] C <DWm±3&<D «t 5 ttWKrJWfcfSfc 40 
ftCC&Sftfcfc©^. 7 , .fS?*/l'MR*tt**'S&ftK 

sfeD *s? + ¥-©«*t»«-r* c t #-c* ftSMtffia 

C©*W!tt. ^ + ¥-©|£££}fp{!Hj-fftC4*s-C*ft4 
4 fcfc. «tf©»£*«»lf * C 4#-CSftiI«S*ttg£ 

[000 9] 

[■wt)B«rs«:ft©*«] z<omiK.%z>mmm 

HMB*«Ili«K:v»e>yr*4 4«>K. *©ffitfflMR 50 



^KHig©^4it*Btc*ti£;-r ft 7 ^ jrm«itffr ft 

¥»{fc*©44SWfcfe©r*ft. 

[0010] c©MBKik«mwe9uaiB. 

fcJIHsiifc v 9 fcf > ^Tft 4 4 fe K. *©«£Htf$R*tl 

.toartstifc^ yf^iaft^flteR-rftiffijRSfcate 
*«***:«>©■?* a. 

[0011] C©9fflfcff EttH-ffi 
*8KJ: 0 gKM3htt^(cS^l>TitnHR©Hft{i 
tMiEf S*IE*a*RWfct©r*S. 

[0012] e©f&ipIKffiftiIHft#Hl&HB. S'MiSi 

©■^4©M^ecg#fl8fc£S8£U -€-©ihbr© 
JSqffi*©H*ffiCC»A:&<r>t§£K:B, *©Jni»te*4Hi 

#u * ©kibsr©® ft la^cc b . *©a* 

•5&CLfck©-C£>ft. 

[0013] C©»W«:»ftil«J!m*ffiB. JSHi£# 

irr ft* » j^w«©««35nfti*w-r*»iiMitflOW4 

fi£-TSiiS#K:^»lilS©MI4tt$BK:*tJt.r*7 

[0014] C©»^{C#ftiaft«!!S*ffiB. Jlli^*5 

fE%JSil^4ffl^ilSK:-7 9 e^u fcKm?* V> 

?2> 7 ^ ;u^«jffij&^ff-r ft <t 5 (c Lfcfc©-c*ft. 
[0015] C©ft9!(cfll2Bft«ai^a. I4i®5:1i 

fiw ft®^ 4»iiBiB*©aai«c*"^ s t fflF^ii^©®^ 

fii*ffliE-r ft«t ^ tc L//cfe©T*ft. 

[0016] c©^^«:^ftli^©a*SB. S/Jn©h 
H^©il^fil4«fflil^©iS^ffl 4 ©^ffl(cs*^^ 
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[0017] 



[0019] ^cccttfiF«:-3t,>rsiwr4. fcfcu c© 
Hfe©^S§iTB. BSHB ; &igg4b-tiif *>©4U 
a* "o" . n^rib^isau^i-rs. «*»su"c 

Mt. 0J*B\ B&#8b*9 h«3S3nTt>Sig^{Ctt 



El. 01ttC©#MB©Hte©JB!8lK«i:SH 
«Kl*ai*w^flll«Ht?*i). HK4il»-C. ISM** 
i> * MMRfcttift-r * ^Hii3R©[fflK:ffiIffliBJR*jitt L io 

2Wr-f y*;«®£1iJ&TSMB^©5*x9y^i$ 
3 tt2fB{b^fc^rsm&m-rsMf«*s 

HJSHiteHfifr&tbtSOT. f01*©BJR«i*2ffifl:'rS 
2ffijb^SSP (»3g#R) . 5B2fB{b«ffll»4*JHl* 

fa 2 * «>isse § Mc®wm*z - 

[0018] 6 Bx 9 VWm 2 ©tti*l#x f 
1 ©Sfc*$ 4 IH Cte?-C??fift$8*i!fc*r? 5 C 4 K «fc 

"3. ««>«ifliiim^iWRK7 9t;>^r&x9i^ 

l«:,J:i3i2;^§^/c7 r wy*;Hi^1i(ST€.iSS«(c 30 
aSfflSRO*l«lilHllK»jeT57 -f ;Hr * 

TH 1 = (MAX-M I N) /2+M I N 

*S. S*ffiMAX. */jNffiMI NKx^ytfeffi 

[ 0 0 2 3 ] 2ffi<tffi9S4 B. iifiljSgllSB 3 

#»|ITHl*Si#-r3 4. 3x3iIigl©^M>K'?£ 
TO-rsSli^oiiiSSfli^KfilTHi titKor. SB 
sR©B*<8£ " 1 " XB " 0 " CC^fcTS 2 Wb&a& 40 
Sltff 6 Uf 97'ST4) . 

[0024] tt&ttB]flS5 B. 2«UUS4#2fMt 

«a*iHfr*4. 2 m&3§IU#HWj-rs 2 fist- 
s' 4 J P»S£S tifcft4ttftl&'< $->ZM£tZ>^ $ - 
^•^i/^Httf S Ut^^STS) . rot. $4 
StfetH8B5B. H3«c«WJ;9 4ttl«WH^*-.>4JH 

**wnu asH«3&ss«8^«K:a-rsiiS-c*ati^ 
[ 0 0 2 5 ] n 3 ©«m £±#0 ©i4^©^^w 50 



"2 5 5" 4&S. 

[0020] fttJJK, x-f !?*AtMWAftMMPHt 

■s&mbskop.b ccOTB^imn o r ^ ■* s? 
*;i/B«4iifc^-rs Ut^sti ) . bp*. at*i!i 

HSU IB. «»^&*JBl»T?v5**AH*©AaiH 

«t<t#*/s<§ (<8>n i,rifc**fflM-s (Hi7%# 

[0021] x vvwamK, ttttunu © 

isyaiSKiirsiiiJisr****©^**!^* 
>ysT2). bp*. ftBBf&fc^'C^-rssxsBfg 
©■> ^vF-jsthso. •*■©■>•* >wftic$>zwm<D 

ifrc, ?«gU^;l'#&*©B£4&/h©B33£lfcfcllT 
•5. ■et/'T. fcau^WftrtCIiSRCBJRffiMAX 
4. ^©m©HMMIN4©itjHI#?&£&6 
tifeRM J: "3 WftBx » ySP4«S L/ , frSHti 
B*#x?i?3B4fl3&rS. 

[ 0 0 2 2 3 wc. mmznm b. x 9 y«yaaj2 4 

IHMttc. a§B* i S:+^4-rS3 X3B*© 1 ?-* >F-> 
tlflEU^^«*©WM>««ttMAX 

4. «^h©iBR©wKflMiN«Mbu. cne.%na 
©^ (3) 2fflfb^S«:ftffl-r€.gifiiTH 
i*awr* (x^97*st3) . 

S (3) 

^•$->4. *T*S0©S4S©i4^ai^-f->*^ti 
^3SSffl^§n (M$4ftS* s l©v^->, <^4ft 
S*5 2 «±©A*->, «#4ftS^ 1 /2 WT©'**- 

» . *±*»»)©««©»»((kai'<*->©Mii*KS 

TBSSJi^cB. #|SJtitfBDa£attJU t ^T* if 3© 
$4^©$4^ffi^ , $ - >©f5jn*HC^-CB* SJi^K: 
B. #GlflMBDb£a#U f5J4T,©A$->Kt>arB 

*xEPB#ML/' k J:<<»C4 (Don' t Care)*l 

m-?z>. ttc, cn6©^'^-^B^rasB^* 5 HB 
^©lg^^L-Cl^AS. aiB^SBSROSfi^'* 

[0 02 6] COi^Kl/T. i4«^ffiS85*J^l^ltffli 

%w^ts4 > *$£96». x9^map2©m^{cjB 
c-c^aaB»c*^fR ; ir-7 9f>yr^ <^f-9 
7's T6 ) . bp*, ssaga^x 9 y««Knr* 

WRr***I^Ktt. l4«^fflg|55*S|±i^TS77(fi]tt« 
(Da. Db. Dn©<«Mirt>) *£BBSR©:frl6ltWa4 



m.Bnirtsm^<oimmmtbxtiit)ti>. ft*. 

[ 0 0 2 7 ] %<C. x, y^flHBfcttfiBft7 b. t£ 

Uf^ST7). cent ^)W^2<S«: 
r. %£Blge$©&gl$. *JiaB2teK&*t,A:BS© 

[0 028] cowra. JfcB»©agiISRK:B$te©A 

JRfcfMBLfcl*. JRB«OttBIII««*»Cil>U-Cfc*& 

[0029] a*}. waajR^f.msi. mthimm 

Z-1j<DM.%m<Dl5mmW>iD a?. ffc£©JIiSS!t©;fr 
fitit$8#Db©i§£) . C ©J: 5 ftif £tt. ^©Hft 

©*isnta*v V f>y-rs. %tt#cc. 

©JIH5R©#l»JtS D a XB D b T . ffc£©JIiIi»© 
2nfifflM0Dn®fte<Ctt. #fitimDaX«Db*& 
5tU aB^B*(cttDaXBDb©]IWlflHR*^» 

t>y-r*. 30 
[0030] ^ -f )i>zmmm b, ffi^agp 1 
kj: tH&zziiit? i i?*AMm&mm&wxmcm 

Uf-^sT8) . BP*?, sugtin&o^fi:. as 

- *? > i^imtc J: 0 » 6 *> ttMMHbOTJtt £ ft S # . 

|6)KtlM*5^< ft o y + =F-*s»r>r U * 9 C £ fcfc 

5. *ct, 7^;i/*«saaJ8"C«. X9i^n«1MKE 40 

[ 0 0 3 1 ] H 5 BftB 1 ©&3S£ 2 flWctfcWSW* 

jfl-cvs. astasia asiisg^xi-rsi. -e 

ftfcfflt? 8 BBRBHrjE Lfc J: *> fc^fatPSD a *«f S 
too, »RA«:»-rS7 ^l^SB. 06 

(a) vMtoamMa&mwivy ***ML*tf 
*>. *fiiiiMRDbt«r*«Mcj3ae (b) ©«t 
9ft#m«wc7 ^ )\>mm&7>>. 

[0032] 7^*J!HIK:oi>TB, 07 (a) , 0 SO 
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7 (b) K^TcfcSftWttt?-* JU**fflt,>ttB> #4* 

#oJfiE£ft*. ¥MHt7-f **£t,Ta97 (c) 
-07 (f ) ©J:5ft*>©fcfflSU tttflSftfcftMft 
gK^T¥»{t7^*$r)§*Sc£K:«fc<3. AQB 
» y*lSl* «t 0 g&tcSR $ fcft&Kftffi 
**JS#Wt6£ft*. 

[0 03 3] S3 GCte^T. ^WlBj^±*i 

0 CfrlArfMRDa) r, ftS2t(±©£ffl©A$->{c 
B07 (c) SfflO^-XCB (d) ftSl 
/2OT©£ffll©>**-->KBB7 (e) £. ^li©^ 
*->{CB (f ) £JEC>*iB<n>. tctcb. CCOm^ic 
B^|fijW$8/c W -CBS^ft * * - > i> C £ 

*fci,»©-e. M&ftfi^en^©?fS:frr6j (iei©^^ 
2-Cifr < <4e3EflSlfcffla-J'4) ^OtWIfeiiWifto-C 

< s *j. c nB«M8«mtsn 5*iAji->?,f> {/in 
a>y+=f-*snwr-5ci*rej«Bifts. 

[0034] W±-CBJ 6*^ft J: 5 C©HJS©fl5S§ 1 
[ 0 0 3 5 ] ftfc, COmmoWM 1 TB, ¥?f{b7 ^ 

>i>* imMwmommmz&m <xbm«) k:m^cb# 

*>©-C*»K «itf. #MBJR»*«3"C*nB2#B{c 

#S«:/bSC> (XB^c*c>) fit*, n >u**t*iUR© 
ffii-r*&©rabS„ 

[0 03 6] ^f^r^^^tcay^xisafii 
B. y+ +'-©)M©Hi**v^Xitri^*sn5c 

4KJ:«3. »e>*ft^»1r^BfSCi*t^fiE4ft«.. 

©cfc^Kftofcia^. m>-nn^mmmmi>t, 
o, 40, o (lejittK^) tft*. ccwf^ 

>7<JWW5i, "f*©il^B3il^©^^2# 

ajc/hs^ out**!**) fit. -^stio^gi$n*c 

ifCftD. y+^-?r«IflJ-r^Ci*5pJ^<!:ft*. 
[0 03 7] mm<DBB2 .010 BCOAROXIKO 
Jgffi2{c«fciilfl«!!i«SIS«r^1-«lfi£0-c*i3 > 0K:te 

%«BSTS. 9«J«ix»yBBIti*imiB*©E**lt 
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[ O O 3 8 ] m 1 1 BffiEftSBflS 1 0 <Dft®*7ntmfc 
E-CftO. BKi(l>T, 1 1 KattJMtWNK:fett*& 
aiB*4HtfKB» <4ffl©HJR) ©**>6. iSSU-^ 

*HJMH*tt]^&) . 1 2Ktt*JMMM<e*tt£&B 
H3R£Ht?IIH« (4ffl©H5R) ©**>£. igSU-^JU 

*««/h©jai0R©ii3!ifi[*«a-r4*/jvffi*m 
tcmmzm&mwLK&mzm&mmk® (sum 

St) 

[0 039 ] l 4tt£BIIS©mto*ttMHMfiflS 
l 2Ccj:f)«lfcli$ii/cJlii^©iimfii?:?igu-c. ^© 

*ffi»*sft»rsiR»s <«**&) . i eoA/jvim 

fflgp 1 2 tc J: 0 WU s ft;^nHR©KR<il«:S)Ml l 5 

©mnHttttiftrfiftiiHt (summs) . 1 7 Bans 
si 6©ttiS3tem*s«^ffl^tta5i ucioamsftfe 

[0040] &KiMMC'3tvciMrr&. ±i2*is©^ 
» 1 Mix 7 yiBRK:-3t,>r«Mft*i$i«:7 .* ;b 

ft(r». ft* Bi*. *©aw©sit 

4>*t<ft9. icctts. 
r, commommvit. 2 

[o 04 1 3 sr. E«m»9cMftff*B»ir*. jk 

nfetfft*.ttH12 (a) ©*1£, ^|p]1f$8*iDa (£ 
#|$j£(,>5) #1 £ft*. CCT, r^[SjJ £B. x 

£ar t t tr *. -os^. *±#to <mm<D®&, & 

•mtbXU* "1" XB "4" fcfcO. £T#9©£f 
«©*§£. a*lS)iLr». "2" Xtt "3" ift*. 
[ 0 0 4 2 ] *fc. H 5 KJntX'itxWB 1 . ffttftft 

i ©&m!©ig£tt. a*iaj*2«rj-5fc©trs <h 

5©t§£. 6#flB "1" i "4" ) . C©f|*6©ff5<jg 
2"CB. «|£1S6B. &SWR®MMx?^«;tttHO^: 

6. ±se©<t:5K: rm flit, a^isjj om^mn 
ffiistit-S'jsiJgtc^-rsfcoirs. Eama®9 
rtt. c©tim*£tfT. tb»«©«lniH»«:»or 

£«x ^ 5?B»£©B**tHWTS. 

[oo43]^i2 (b) *#hlt. &m<mm* 
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sfc*r*w*5*i/ci>*. sr. 1MHm&(cJ:9tt* 

^tfcB#{cagli^A (112 (a) ©tf-OCBBR) 
#RS*&BrfiH©HBI©5%. 1 (c**H5R 

immm^<mmtn. jumtcB. mmmm 

KJ: 0 J4*l/fc««:aBHJRAjWW*aarttH©B 
*tt. ifctiB»r*4Hl 2(b) CcteWSSEBIBR 
A" £Ktf25<I (=5X5) ©H5S"C*9 V *<D5% 
fi#|6]liC#>£9<I©iIiS (ltp0cfe©*g|-CBA,/cM 

io En*owAiiBR«iia«©jiS*iJfi;^H<fe©ffiSS*s 
HRi/ci».&iB**Snt/cir>3. c*i*#«i,T0i 2 
(b) ©4>*©BBR*Jaii«©aBli*AK:*»t:3#r 

[0044] «c. nmwrnA- tmrnrnmsmo 

BUI****. JMW&KB. £*Sttf|SlX«B!l*3E£6l 

cc i BSHttrscc i *mn>xnab*. «*.«. ag® 

*A' ©£&&9©HkttH■ASl..&B■JltA , ©£ 
*W>±K|«Slbri»*«R«. r£j££l+gijj££l j 

m»tm&statA • ©fig«cs% * fcs>sBt# 2 i & 
20 s. smHHMiwK-cft s 9 ffl©ia^©isiii«ia 1 2 
(b) {CTnrao-c^-s. 

[0 04 5] &te. ttBili^A' ©Bg|«0 4-r*. * 

*©jS«±K*5^I*2H*) ©*Cc$4«x 9 fMt# 

ffl^gl/2«T©ti^©^^-XC 
-oi»rttH13 (b) ©J:5K:r*. BP^> AQBiHiiA 

30 im^«kt&(/. c©NUM>6 r£fiSSA(c2il 
Sia^-Cffi«ll iiJ^*tSlK 1 ■XiftA.TEIB 

^*IBt?JlHi^©4ffl©a^ («faWR*i0*©^»± 
(C«&I9»2IHR) *s^ri5ie©Ji^(c«. jSHt^Oi 

[0046] iXK. MJE^agp 1 oomzmmtz. 
swi*m#Kr sfc»H 1 4 » 1 ;jocT?a*«fflir*ii 
sr. St^aasui-c^joen 
tcffir$mm<ommm 1 x*5ffiiEMssp 1 0 KA^^tx 
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Partial translation of JP2000-253238 A 
...omitted... 

[0017] 

5 [Embodiments of the Present Invention] An embodiment of the 
present invention will be described. 

Embodiment 1- Fig. 1 is a diagram showing the configuration 
of an image processor according to an embodiment 1 of the 
present invention, where reference numeral 1 denotes 

10 enlargement processing part (enlargement means) for 

enlarging a digital image by adding an interpolated pixel 
between original pixels composing the digital image, 
reference numeral 2 denotes an edge detection part 
(specification means) for detecting the original pixel 

15 belonging to an edge area out of the original pixels composing 
the digital image, reference numeral 3 denotes a threshold 
operation part (specification means) for operating a 
threshold used for binarization processing, reference 
numeral 4 denotes a binarization processing part 

20 (specification means) for comparing the pixel values of the 
original pixels composing the digital image with the 
threshold, to binarize the pixel values of the original 
pixels, and reference numeral 5 denotes an oblique line 
detection part (specification means) for collating binary 

25 data outputted by the binarization processing part 4 and an 
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oblique line detection pattern previously set to detect an 
oblique line, and outputting directional information 
(oblique line information) representing the direction of the 
oblique line. 

5 [0018] Reference numeral 6 denotes a judgment part (mapping 
means) for mapping, when it is indicated that an output of 
the edge detection part 2 is the original pixel belonging to 
the edge area, the directional information outputted by the 
oblique line detection part 5 on the original pixel, while 

10 mapping, when it is indicated that the output of the edge 
detection part 2 is not the original pixel belonging to the 
edge area, directional information indicating that the 
output of the edge detection part 2 is a pixel not belonging 
to the edge area on the original pixel, reference numeral 7 

15 denotes an edge directional information enlargement 
processing part (mapping means) for enlarging the 
directional information at the same enlargement ratio as that 
of the enlargement processing part 1, to map the directional 
information on an interpolated pixel, reference numeral 8 

20 denotes a filter processor (smoothing means) for performing 
for each of pixels composing the digital image enlarged by 
the enlargement processing part 1 filter processing 
corresponding to the directional information on the pixel. 
Fig. 2 is a flow chart showing an image processing method 

25 according to the embodiment 1 of the present invention. 
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[0019] The operations will be then described. In the 
embodiment 1, it is assumed that the pixel value is 
represented as a gray level, white is "0", and black is the 
maximum gray level. The maximum gray level is "255" if an 
5 image is represented by eight bits, for example. 

[0020] First, an input image signal representing a digital 
image is inputted to the enlargement processing part 1, and 
the enlargement processing part 1 adds an interpolated pixel 
between original pixels composing the digital image, to 

10 enlarge the digital image (step ST1). That is, the 

enlargement processing part 1 multiplies the input image 
signal representing the digital image by j3 ( j3 > 1) using 
a linear interpolation method to perform enlargement 
processing (see Fig. 17). 

15 [0021] On the other hand, the edge detection part 2 executes 
the following processing in parallel with the enlargement 
processing performed by the enlargement processing part 1, 
to judge whether a target pixel is a pixel belonging to an 
edge area (step ST2). That is, the edge detection part 2 

20 constitutes a window of three by three pixels with a target 
pixel as its center, to detect, out of pixels in the window, 
the pixel whose gray level is the maximum and the pixel whose 
gray level is the minimum. It is judged that the edge 
detection part is an edge part if a difference value between 

25 the pixel value MAX of the pixel whose gray level is the 
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maximum and the pixel value MIN of the pixel whose grey level 
is the minimum is larger than a predetermined threshold, 
while being a non-edge part if the difference value is smaller 
than the predetermined threshold. 
5 [0022] The threshold operation part 3 then constitutes a 
window of three by three pixels with a target pixel as its 
center, similarly to the edge detection part 2, to detect the 
pixel value MAX of the pixel whose gray level is the maximum 
and the pixel value MIN of the pixel whose gray level is the 

10 minimum, and substitute the pixel values into the following 
equation (3), to operate a threshold TH1 used for 
binarization processing (step ST3). 

TH1 - (MAX - MIN)/2 + MIN ■•• (3) 

A median between the maximum value and the minimum value is 

15 taken as a threshold, thereby making it possible to prevent 
the results of the binarization processing from being all 
black or all white. Usable as the maximum value MAX and the 
minimum value MIN may be ones found by the edge detection part 
2. 

20 [0023] The binarization processing part 4 compares, when the 
threshold operation part 3 operates the threshold TH1, the 
pixel value of each of the pixels composing the window of 
three by three pixels with the threshold TH1, to perform 
binarization processing for converting the pixel value of the 

25 pixel into "1" or "0" (step ST4). 
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[0024] The oblique line detection part 5 performs, when the 
binarization processing part 4 performs the binarization 
processing, pattern matching for collating the binary data 
outputted by the binarization processing part 4 with a 

5 previously set oblique line detection pattern (step ST5 ) . 
That is, the oblique line detection part 5 collates the binary 
data with the oblique line detection pattern as shown in Fig. 
3, to detect whether or not the target pixel is a pixel 
belonging to an oblique line area, and specifies, when the 

10 target pixel is the pixel belonging to the oblique line area, 
the direction of an oblique line to output directional 
information . 

[0025] In an example shown in Fig. 3, three types of oblique 
line detection patterns of an oblique line directed up to the 

15 right and oblique line detection patterns of an oblique line 
directed down to the right are prepared (a pattern inclined 
at an angle of 1 , a pattern inclined at an angle of 2 or more, 
and a pattern inclined at an angle of 1/2 or less). 
Directional information Da is outputted when the oblique line 

20 detection pattern applies to any one of the oblique line 
detection patterns of the oblique line directed up to the 
right, while directional information Db is outputted when the 
oblique line detection pattern applies to any of the oblique 
line detection patterns of the oblique line down to the right. 

25 When the oblique line detection pattern does not apply to any 
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of the patterns , directional information Dn is outputted. w X 
mark" means "Don't Care" . Further, all the patterns indicate 
a case where the target pixel is a black pixel. However, an 
inverted pattern indicating that the target pixel is a white 

5 pixel is similarly detected. 

[0026] When the oblique line detection part 5 outputs the 
directional information in such a manner, the judgment part 
6 maps the directional information on the target pixel in 
response to an output of the edge detection part 2 (step ST6) . 

10 That is, when the target pixel is the pixel belonging to the 
edge area, the directional information (any of Da, Db, and 
Dn) outputted by the oblique line detection part 5 is 
outputted as directional information on the target pixel. 
When the target pixel is not the pixel belonging to the edge 

15 area, the directional information Dn is outputted as 

directional information on the target pixel as a pattern 
which is not an oblique line. A pixel having the directional 
information Da or Db will be referred to as an "oblique line 
.edge pixel". 

20 [0027] The edge directional information enlargement 

processing part 7 then enlarges the directional information 
at the same enlargement ratio as that of the enlargement 
processing part 1, to map the directional information on the 
target pixel on the interpolated pixel (step ST7). 

25 Description is herein made of a case where the directional 
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information is enlarged two times will be described using an 
example of Fig. 4. In Fig. 4, a solid line indicates a 
coordinate system of the original image, a dotted line 
indicates a coordinate system in a case where directional 
5 information is enlarged two times, and a rectangle indicted 
by a thick solid line indicates a target pixel in the original 
image . 

[0028] In this example, the directional information Da is 
mapped on the target pixel in the original image from previous 

10 pattern matching. When the coordinate system of the original 
image is projected on the coordinate system of the enlarged 
image, directional information on the target pixel is mapped 
on the pixel in the enlarged image which is even slightly 
overlapped with a target pixel area of the original image. 

15 That is, the directional information Da is mapped on nine 
pixels indicated by hatching in the coordinate system after 
the enlargement . 

[0029] As viewed from the interpolated pixel, different 
directional information may be mapped a plurality of times 

20 (a case where directional information on one of adjacent 
original pixels is Da, and directional information on the 
other original pixel is Db). In such a case, it is judged 
that an interpolated pixel is an intersection of edge 
components which differ in directions, to map the directional 

25 information Dn on the interpolated pixel. When the 
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directional information on one of the adjacent original 
pixels is Da or Db, and the directional information on the 
other original pixel is Dn # the directional information Da 
or Db is given priority to, to map the directional information 
5 Da or Db on the interpolated pixel. 

[0030] The filter processing part 8 then executes for each 
of the pixels composing the digital image enlarged by the 
enlargement processing part 1 filter processing 
corresponding to directional information on the pixel (step 

10 ST8 ) • That is, when enlargement is performed by a sum 

operation of a target pixel and a vicinity pixel, as in the 
linear interpolation method, smooth image representation is 
allowed by a smoothing effect. However, enlargement 
processing is generally performed by a sum operation in a main 

15 scanning direction and a sum operation in a sub-scanning 
direction in this order. Accordingly, a correlation is 
strengthened in the main scanning direction and the 
sub-scanning direction, so that a jaggy remains. Therefore, 
in the filter processing part 8, filter processing is 

20 performed in an oblique direction only with respect to 
oblique line edge pixels utilizing the directional 
information found. by the edge directional information 
enlargement processing part 7. 

[0031] Fig. 5 illustrates an example in which an oblique line 
25 at an angle of 1 is enlarged two times. In Fig. 5, letting 
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X be a target pixel, eight pixels surrounding the target pixel 
X have directional information Da, as described above. 
Therefore, filter processing for the pixel A, for example, 
is performed in crosshatched pixel reference areas shown in 
5 Fig. 6 (a). On the other hand, when the eight pixels have 
directional information Db, filter processing is performed 
in reference areas as shown in Fig. 6 (b) . 

[0032] With respect to the filter processing, if smoothing 
filters as shown in Figs. 7 (a) and 7 (b) are used, a 

10 correlation is strengthened in an oblique direction, thereby 
making it possible to restrain the jaggy. Further, smoothing 
filters as shown in Figs. 7 (c) to 7 (f) are prepared. The 
smoothing filters are switched depending on the detected 
angle of inclination, thereby allowing enlargement 

15 processing of high quality on which the edge direction of the 
original image is more faithfully reflected. 
[0033] In a case where the inclination direction is up to 
the right (directional information Da) , for example, in Fig. 
3, Figs. 7 (c) and 7 (d) may be respectively used for a pattern 

20 on the left side and a pattern on the right side at an angle 
of two or more, and Figs. 7 (e) and 7 (f ) may be respectively 
used for a pattern .on the left side and a pattern on the right 
side at an angle of 1/2 or less. In this case, however, a 
suitable pattern cannot be selected only by the directional 

25 information, so that information such as an angle of 




inclination and a direction of existence of white pixels 
(corresponding to a white direction described in an 
embodiment 2) is also required. However, this is information 
obtained when the oblique line detection part 5 performs 
5 pattern matching. Fig. 8 schematically illustrates an image 
which has been subjected to smoothing filtering. Since the 
image is smoothed in an oblique direction, it is possible to 
restrain the jaggy. 

[0034] As described in the foregoing, according to the 

10 present embodiment, inclination information representing 
the inclination direction of an edge area to which an original 
pixel belongs is mapped on the original pixel and an 
interpolated pixel, to perform for each of pixels composing 
a digital image after the enlargement filter processing 

15 corresponding to the inclination information on the pixel, 
thereby producing the effect of restraining the occurrence 
of the jaggy occurring when the digital image is enlarged. 
[0035] Although in the embodiment 1, description was made 
of the case where the filter processing is performed using 

20 the smoothing filter, a smoothing effect is produced even if 
a median filter is used, thereby making it possible to 
restrain the jaggy. The median filter is one taking, when 
the pixel values of reference pixels are arranged in 
ascending order (or descending order) , the value which is at 

25 the center as the value of a filtering object pixel. For 
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example, the value of the filtering object pixel is the second 
smallest (or largest) value if the number of reference pixels 
is three, while being the third smaller (or largest) value 
if the number of reference pixels is five. 

5 [0036] The median filter has a noise reducing effect. If 
the jaggy which is the current problem is seen in an oblique 
direction, a pixel at the peak of the jaggy is removed as 
noise, thereby making it possible to represent a smooth 
oblique line. For example, consider a case where an image 

10 signal is as shown in Fig. 9 when the oblique line is enlarged 
by a linear interpolation method. In this case, if the image 
signal is extracted in an oblique direction, it becomes 0, 
.40, or 0 (hexadecimal notation). Here, the pixel at the 
center is converted into the second smallest (or largest) 

15 value out of the three pixels, that is, zero if it is subjected 
to median filtering, thereby making it possible to restrain 
the jaggy. 

...omitted... 
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